The problem dealing with the steady flow of an Oldroyd 8-constant fluid over a suddenly moved plate is considered. The fluid is electrically conducting and a uniform magnetic field is applied in the transverse direction. An analytical solution of the nonlinear boundary value problem is obtained using homotopy analysis method (HAM). The behavior of the material constants and the magnetic field is seen on the velocity distribution. It is noted that the boundary layer thickness decreases by increasing the magnetic parameter.
Introduction
During the past few decades, non-Newtonian fluids have been intensively studied by mathematicians, essentially from the point of view of partial differential equation theory. It is known that non-Newtonian fluids cannot be described as simply as in the case of Newtonian fluids. Of the numerous models that abound in non-Newtonian fluid mechanics one that captures several of the salient aspects of many such fluids, albeit only in a qualitative manner, and hence has been accorded much scrutiny is a rate type model due to Oldroyd [1] . The problems of Oldroyd 3-constant fluid [2] [3] [4] [5] [6] [7] and Oldroyd 6-constant fluid [8, 9] are studied. More recently, Baris [10] discussed the flow of an Oldroyd 8-constant fluid in a convergent channel using series expansion for stream function and stress components.
Motivated by all of the above referenced work and the significant mathematical generality of Oldroyd 8-constant fluid, it is of interest in this article to consider the magnetohydrodynamic flow due to sudden motion of a rigid plate. The governing nonlinear equation is modeled and solved analytically by HAM [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Recently Allan [26] made the mathematical derivation of the Adomian's decomposition method by employing HAM. An error analysis and the convergence criteria is also described in [26] .
The presentation of the paper proceeds as follows.
Mathematical formulation of the problem is given in Section 2. Sections 3 and 4 have been prepared for HAM solution and its convergence, respectively. Section 5 contains results and discussion. Some conclusions have been made in Section 6.
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Formulation of the problem
The basic governing equations for the steady problem (balance of momentum and mass, Maxwell equations and Ohm's law) can be written as [27] 
in which V = (u, v, w) is the velocity vector, ρ the density, J the current density, B the total magnetic field so that B = B 0 + b, B 0 and b are the applied and induced magnetic fields respectively, µ m the magnetic permeability, E the electric field and σ the electrical conductivity. The assumptions made by Rossow [28] and others are found to be physically reasonable for boundary layer flows. For small magnetic Reynolds number, the linearized magnetohydrodynamic force involved in Eq. (1) can be put into the form
The constitutive equations for Cauchy stress tensor of an Oldroyd 8 -constant fluid are given by [29, 30] 
where − pI is the constitutively indeterminate part of the stress due to the constraint of incompressibility, tr is the trace, S is the extra stress tensor, A 1 is the first Rivlin-Ericksen tensor, µ is the dynamic viscosity and λ i (i = 1-7) are the material constants. The contravariant convected derivative D/Dt is defined by
in which d/dt is the material time differentiation. It should be noted that the model (7) includes the Oldroyd 6-constant fluid when λ 6 = λ 7 = 0; Oldroyd 3-constant fluid when λ 3 = λ 4 = λ 5 = λ 6 = λ 7 = 0; Maxwell fluid λ 2 = λ 3 = λ 4 = λ 5 = λ 6 = λ 7 = 0; second-grade fluid when λ 1 = λ 3 = λ 4 = λ 5 = λ 6 = λ 7 = 0, µλ 2 = α 1 (material parameter of second-grade fluid) and Newtonian fluid for
The type of flows to be considered here has the stress and the velocity of the following form [3] S (y) =   S x x S x y S x z S yx S yy S yz S zx S zy S zz
Using Eq. (11), continuity equation is satisfied identically and the three scalar momentum equations for steady flow are
The six scalar equations for (7) are
From Eqs. (17) and (19) S zx = S zy = 0.
With the help of Eqs. (14), (16)- (18) and (20)- (22) we obtain
where
and S x x , S yy and S zz can be obtained after using Eq. (24) in Eqs. (15), (18) and (20), respectively. Now defining the modified pressurep bŷ
Eqs. (12), (13) and (23) become
We note from Eq. (29) thatp is independent of y and z and is a function of x only. Thus Eq. (28) becomes dp dx = d dy
From Eqs. (24) and (30) we have
and the modified pressure gradient in the x-direction is neglected. Consider the steady flow of an incompressible, electrically conducting Oldroyd 8-constant fluid occupying the space y > 0. The fluid is bounded by an infinite nonconducting rigid plate at y = 0. A uniform magnetic field B 0 is applied normal to the plate. Since there is no pressure gradient, the velocity is zero everywhere for the given flow field. The flow is maintained due to sudden motion of the plate and there is no flow far away from the plate. The governing differential equation is (31) and the boundary conditions are
where U is the constant plate velocity. Introducing the following nondimensional quantities
the resulting problem becomes
where we will drop the asterisks for simplicity and v is kinematic viscosity. To solve the nonlinear ordinary differential equation (35) subject to boundary conditions (36), we will use HAM to give an explicit, uniformly valid and totally analytic solution.
Solution of the problem
For HAM solution we choose
as an initial approximation and
as the auxiliary linear operator satisfying
where C 1 and C 2 are arbitrary constants. It is worth pointing out that one may select any value of the initial guess that satisfies the given conditions. Moreover, any value of initial operator may be selected which yields rapid convergence in the given domain. In the present problem, the flow domain is semi-infinite and therefore having the boundary condition at infinity, an initial operator of the form (38) which satisfies Eq. (39) is chosen. If p ∈ [0, 1] is the embedding parameter andh is the auxiliary nonzero parameter then we have: Zeroth-order problem
mth-order deformation problem
To obtain the solutions of the above equations up to the first few orders of approximations, the symbolic computation software MATHEMATICA is used and the series solution is found in the following form: For the detailed procedure of deriving the above relations, the reader is referred to [13] . With the above recurrence formulas, we can calculate all the coefficients a q m,n using only the first few
given by the initial guess approximations for the solutions of u(η) in Eq. (37). The corresponding mth-order approximations of Eqs. (35) and (36) 
Convergence of the solution
The explicit analytic solution given in Eq. (63) contains the auxiliary parameterh, which gives the convergence region and rate of approximation for the HAM solution. In Fig. 1 , theh-curve is plotted for 20th order of approximations for the dimensionless velocity components u for two different values of the dimensionless parameter N . Fig. 1 clearly elucidates that the range for the admissible values ofh for N = 0.5 is −1.7 ≤h 1 ≤ 0 and for N = 1.0 is −1.5 ≤h 1 ≤ −0.2. Our calculations indicate that the series given in Eq. (63) converges in the whole region of η whenh = −1.0.
Results and discussion
The graphs for the function u (η) for the 15th order of approximations are drawn against η for different values of the parameters α 1 , α 2 and N . To see the effects of emerging parameters on the nondimensional velocity u, Figs. 2-4 have been displayed.
It is found from (Fig. 2 ) that the magnitude of u increases by increasing second grade parameter α 1 near the plate and after a short distance from the plate, the effect of α 1 starts to decrease and vanishes very far from the plate. The effect of the parameter α 2 on u is quite opposite to that of α 1 (Fig. 3) . Fig. 4 is prepared to see the influence of N on the velocity in viscous fluid. It is noted from this figure that the effect of Hartman number N is similar to that of α 2 . It is also noted from this figure that the boundary layer thickness decreases when the values of N are increased. In fact a magnetic force is established against the flow direction. In order to see the variations of N on u from Oldroyd 8-constant fluids, the Figs. 5 and 6 are displayed for α 1 < α 2 and α 2 < α 1 , respectively. These figures indicate that the velocity decreases by increasing N . Furthermore, it is noted from Figs. 4 and 5 that the boundary layer thickness for α 1 < α 2 is smaller than that of α 1 > α 2 .
It can be easily seen from the Eqs. (35) and (36) that if α 1 = α 2 the Oldroyd fluid behaves as a Newtonian fluid.
Concluding remarks
In this investigation we have developed the governing equations for steady, incompressible and conducting Oldroyd 8-constant fluid. Analytic results are presented to illustrate the details of the flow and their dependence on the magnetic parameter and on the material parameters. Among the most important results one may list the followings: • The effect of increase in magnetic parameter decreases the velocity layer thickness.
• The frictional drag from the limiting surface increases when the strength of the magnetic field increases.
• The significant contribution of non-Newtonian parameters which does not appear in steady Oldroyd 3-constant model, to the flow is delineated.
• The behaviors of α 1 and α 2 on the velocity u are opposite.
